The ever increasing level of precision achieved by present and future radial-velocity instruments is opening the way to discovering very low-mass, long-period planets (e.g. solar-system analogs). These systems will be detectable as low-amplitude signals in radial-velocity (RV). However, an important obstacle to their detection may be the existence of stellar magnetic cycles on similar timescales. Here we present the results of a long-term program to simultaneously measure radial-velocities and stellaractivity indicators (CaII, Hα, He i) for a sample of stars with known activity cycles. Our results suggest that all these stellar activity indexes can be used to trace the stellar magnetic cycle in solar-type stars. Likewise, we find clear indications that different parameters of the HARPS cross-correlation function (BIS, FWHM, and contrast) are also sensitive to activity level variations. Finally, we show that, although in a few cases slight correlations or anti-correlations between radial-velocity and the activity level of the star exist, their origin is still not clear. We can, however, conclude that for our targets (early-K dwarfs) we do not find evidence of any radial-velocity variations induced by variations of the stellar magnetic cycle with amplitudes significantly above ∼1 m/s.
Introduction
Following the discovery of the first extrasolar planet orbiting a solar type star (Mayor & Queloz 1995) , a multitude of other planetary systems have been announced (for a review see Udry & Santos 2007) . At first, only very short-period companions were found, something that was quite unexpected by the theories of giant planet formation. However, the impressive increase in precision of the current radial-velocity (RV) "machines" (the majority of the established exoplanets have been discovered by radialvelocity surveys) and the long baseline of the measurements have already brought to light both long-period planets, much more similar to the Solar System giants (e.g. Wright et al. 2008) , and very low-mass rocky planets (e.g. Mayor et al. 2009 ).
Although extremely efficient, the RV technique is an indirect method, and it does not allow direct detection of a planet, but only measures the (gravitational) stellar wobble induced by the planetary companion orbiting its sun. As a consequence, one of the problems is that one has to assure that the radial-velocity variations observed are not being caused by some other mechanism unrelated to the presence of a low-mass companion. Phenomena such as stellar pulsation (e.g. Bouchy et al. 2004) , inhomogeneous convection, or spots (Saar & Donahue 1997; Santos et al. 2000; Paulson et al. 2002) can prevent us from finding planets (if the perturbation is stronger than the orbital radial-velocity variation); but perhaps more important, they might give us false candidates if they produce a periodic signal (Queloz et al. 2001; Bonfils et al. 2007; Huélamo et al. 2008) . In other words, the radialvelocity technique is sensitive not only to the motion of a star around the center of mass of a star/planet system, but also to possible variations in the structure of the stellar surface. This matter is getting more important every day. One clear output of the increase in precision of the current radial-velocity surveys is the ability to find low-mass and long-period planets, that are able to induce longperiod but low-amplitude radial-velocity signals. These expected Jupiter-analogs might be easily found e.g. with instruments like HARPS (Pepe et al. 2002) and with future instrumentation like the projected ESO instruments ESPRESSO 1 and CODEX (Pasquini et al. 2008) . But if in these cases stellar rotational effects are not potentially dangerous (rotational periods are much shorter than the long-period Jupiter orbit), another almost quantitatively unknown effect might threaten these detections: stellar activity cycles.
It is now well known that many solar type stars have important magnetic activity cycles (Baliunas et al. 1995) , similar to the solar 22-year period (11+11 period spot cycle). These cycles have timescales comparable to the orbital periods of real Jupiter like planets. In this sense, RV measurements of the Sun during a 5-year period have revealed that "our" star might be stable up to a precision of a few m/s (McMillan et al. 1993) . However, no tests have been done regarding other solar-type stars. Some effect of the activity level on the radial-velocity might indeed be expected. It is known that magnetic fields are able to change the convection patterns (e.g. inhibiting convection), thus changing line bisectors and line shifts (Dravins 1982) . But with the exception of a very few cases (Kürster et al. 2003 , for Barnard's star, an M dwarf), it is not really known or accurately explored, to which level the line asymmetries induced by changes in the convection patterns througout the stellar magnetic cycles can influence the measurement of precise radial velocities.
In this paper we present a study of the relation between long-term chromospheric activity variations, RV, and different line profile indicators. In Sect. 2 we present our sample and observations, and in Sect. 3 we derive precise atmospheric parameters and masses for our stars. In Sect. 4 we then present the methodology used to derive the stellar activity level of our stars from each obtained spectrum. The analysis of the data and the presentation of the results is done in Sect. 5. We conclude in Sect. 6.
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Sample and observations
The choice of our targets was based on the sample of stars followed within the Mount Wilson project to study the magnetic cycle variations in nearby FGK stars (Vaughan et al. 1978; Baliunas et al. 1995) . In particular, we based our choice on the sample presented in Baliunas et al. (1995) . From the stars and results presented by these authors, we first took those showing clear activity cycles. Then, only objects at a declination south of +10 degrees were considered, in order to be able to follow them from the La Silla observatory (the site of HARPS) for several months each year. One star that presented a particularly stable activity level was also chosen as the standard (HD 216385).
In Table 1 we list the stars in our sample with their V magnitudes, B-V colors, and spectral types. The values were taken from the Hipparcos catalog (ESA 1997) . Rotational periods were taken from Baliunas et al. (1996) . As we can see from the table, most stars are late-G or early-K dwarfs, with the exception of HD 216385 (late F) and HD 219834A (likely a subgiant) -see also In general, each star was observed in 5 different epochs during each observing season (6 months). An effort was made to spread the observations in time as much as possible. This was important to allow us to average any strong variations due to rotational modulation effects out. We are interested in studying the effects of long term magnetic cycle variations.
Every measurement was done with the high-precision simultaneous calibration mode. Though the use of the Thorium-Argon simultaneous calibration may complicate the subtraction of scattered light over the whole image (specially in the blue part of the spectrum where the spectral orders are separated by only a few pixels), this mode was judged important since we need m/s precision in our measurements. Stellar oscillations can induce significant radialvelocity signals on timescales of a few minutes. In order to average the stellar oscillation modes out (e.g. Santos et al. 2004a) , each measurement was done with a total exposure time of 15 minutes. For the brightest stars in our sample, this implies several shorter exposures to avoid CCD saturation.
Individual RVs were derived with the HARPS pipeline. The velocities were derived using the cross-correlation function (CCF) method. The bisector inverse slope (BIS) was derived using the methodology described in Queloz et al. (2000) . Other parameters of the CCF, such as the contrast and FWHM, were also computed. 
Spectroscopic stellar parameters and masses
With the combined HARPS spectra, we derived stellar parameters and metallicities for the sample stars using the methodology and line-lists described in Santos et al. (2004b) and Sousa et al. (2008) (Sneden 1973 ). We point the readers to Santos et al. (2004b) for more details on the technique. In Table 2 we list the final derived values, together with the number of Fe i and Fe ii lines used and their dispersion. For comparison, the astrometric surface gravity was also derived using Eq. 1 in Santos et al. (2004b) . Both estimates of the surface gravity agree well within the errors.
Stellar masses were also derived by interpolating the theoretical isochrones of Schaller et al. (1992) , Schaerer et al. (1993a) , and Schaerer et al. (1993b) , using M V computed using Hipparcos parallaxes (ESA 1997), a bolometric correction from Flower (1996) , and the T eff obtained from the spectroscopy. The results are also listed in Table 2 . We estimate that the uncertainties are around 10% because of errors in the input parameters and also because of different systematic effects (Fernandes & Santos 2004) .
A look at Table 2 shows that all but one of the targets are main sequence dwarfs. The exception is HD 219834 A, most likely a subgiant.
Activity indexes
From each individual spectrum, stellar activity indexes were derived using three different indicators: the Ca ii H and K lines, the H α line, and the He i D3 line at 5875.6Å. All activity indexes were derived following the general procedures described in Santos et al. (2000, for the Ca ii lines) and Boisse et al. (2009, for H α and He i) . All the activity level derivations used the pipeline reduced and wavelength calibrated 2-dimensional spectra. Individual errors were derived with the number of counts in each wavelength region. The Ca ii H and K "S HARP S " index was computed by dividing the sum of the flux in two 1Å wide intervals in the center of each line (at 3933.66 and 3968.47Å, respectively), by the flux in two 20Å wide reference windows centered on 3900.0 and 4000.0Å. A weighted sum took the photon noise errors derived as √ N into account (with N the number of counts). Once all the spectra were analyzed, an average S HARP S value was derived for each star. Its value was then used to calibrate the S HARP S values to the Mount-Wilson scale. For this calibration we used the S MW values listed in Baliunas et al. (1995) 3 -see Table 3 . Finally, using the relation in Noyes et al. (1984) , we could derive the values of the Ca ii flux corrected for the photospheric flux, log R ′ HK . In Table 3 we list the average values for each of our targets (both for S MW and log R ′ HK ), together with the values for the S MW listed in Baliunas et al. (1995) . As can be seen from the table, the values derived here agree perfectly with those derived by Baliunas et al. This also reflects that, during the 5 years of measurements, we could follow a significant part of the stellar magnetic cycle. Except for HD 152391, all the stars seem to be in the low-activity side of the Vaughan-Preston gap (Vaughan & Preston 1980) , and are thus similar to the Sun regarding their activity level.
The H α index was derived by dividing the flux in the central 0.678Å of the H α line (6562.808Å) by the flux in two reference windows between 6545.495-6556.245 and 6575.934-6584.684Å. Finally, the He I D3 index was derived by dividing the flux in the 0.4Å central region of the 5875.62Å line by the flux in two 5Å wide reference windows in each side of the line, centered on 5869 and 5881Å.
While the Ca ii H and K lines and H α line typically present a re-emission at the center associated with activity phenomena, the depth of the He i D3 line increases in solar plages (Landman 1981) . A correlation is thus expected to be present between the Ca ii H and K index and the H α index, while these two indexes will in principle be anti-correlated with the He i D3 activity indicator. This can be seen in Fig. 1 , though from this plot is is also clear that the two former lines are more sensitive to activity variations than the latter one. This is partially caused by the weakness of the He i D3 line, which it is dilluted by several atomic lines in the same region, and affected by telluric absorption features (Danks & Lambert 1985; .
The wavelength region where the Ca ii H and K lines are present (blue) often has a low S/N, making it difficult in some cases to derive a reliable activity index. Beyond this, and because the spectra were collected with a simultaneous ThAr wavelength calibration spectrum, contamination from the nearby ThAr order may in some cases alter the results. To avoid this, only spectra with an S/N>20 near 4000Å were used to derive the Ca ii H and K "S HARP S " index.
Results

Activity cycle variations
In Figs. 2 and 3 we present time series of the three activity indexes for the 8 stars in our program 4 . Each point in the figure denotes the average of the measurements over one observing night (if multiple spectra existed for a given night). The error bars were computed using the dispersion of the different measurements in case several spectra per night were taken, or the individual error for nights when one single spectrum was obtained.
A general look at the plots show that several of the stars present clear long-term activity cycle variations, as expected. In general also, these variations are seen in all the activity indexes (see also discussions in Livingston et al. 2007; Cincunegui et al. 2007; Meunier & Delfosse 2009) , though the Ca II S index variations seem clearer and present smaller dispersion. Our data suggest, however, that all these indexes can be used to trace long-term activity variations in solar-type stars.
As mentioned above, the He i index is generally anticorrelated with the H α and Ca ii H and K indexes (the last two are generally correlated). This is expected from studies of the solar active regions (Landman 1981) . The exception for this is the late F dwarf HD 216385. Though not the scope of the present paper, our results thus suggest that in F dwarfs the physics of the formation of the He i line is different from the one seen for early-K dwarfs. This star presents, however, a very stable activity level througout all the series of measurements, confirming its stability as shown in Baliunas et al. (1995) -it was actually included in our sample as a "standard".
Some of the stars show higher frequency structure. This is likely due to the appearance and disappearance of activity phenomena such as spots and plages, and their modulation with stellar rotation. In the present paper we are mostly interested in long-term variations. We will leave the discussion of these high frequency variations to a different paper.
HD 219834A presents a clear spike in the H α and He i indexes near JD∼2453600. As shown in Sect 5.2, this star is a long-period binary with an eccentricity significantly different from zero. A fit to the radial velocities shows that the periastron passage occurs near the above date. We may thus be seeing activity induced by the fainter secondary star on HD 219834A. This issue is beyond the scope of the present paper, but will be discussed in a separate work.
Multiple stars
Three of the stars in our sample are members of multiple stellar systems. To be able to study the influence that magnetic cycle variations may have on the measurement of RVs, we need to subtract the variations caused by the orbital period. In this section we describe the procedures used in each case.
HD 16160
HD 16160 (Gl 105 A) is member of a known triple system, with Gl 105 C orbiting Gl 105 A with a period of ∼60 years, orbital eccentricity of ∼0.75, and with semimajor axis of ∼15 AU (Golimowski et al. 2000) . Since our data only cover a small part of the orbital phase, we used the radial-velocity measurements of this star presented by Golimowski et al. 5 , together with our own measurements, to fit a Keplerian function to the system and obtain a global orbital solution (see Table 4 and Fig. 4) . In this pro- Golimowski et al. (2000) cess we fixed the orbital period and eccentricity to the values mentioned above. We used the residual radial velocities of this fit for the rest of the paper. Leaving all the parameters free we find a slightly better solution with an orbital period ∼11 000 days, but this solution is not significantly better than the one adopted. Since our data, together with the one of Golimowski et al. (2000) , do not cover one entire orbital period, we have no way to constrain the orbital solution using only radial velocities. (Table 4 and Fig. 5 ). The residuals around this Keplerian fit will be used for the rest of this work.
HD 160346
HD 219834A
HD 219834A is a known hierarchical triple system, where the A component has been identified as a spectroscopic binary SB1 (Duquennoy & Mayor 1991; Tokovinin 1997) . Our HARPS data perfectly confirm (and refine) the previously determined orbital parameters of the system. Our radial-velocities are best fit with a Keplerian function with a period of 2337 days, eccentricity 0.18, and semiamplitude K=6.018 km s −1 (Table 4 and Fig. 6 ). This signal is compatible with a low mass (0.43 M ⊙ -mini- Unfortunately, the high residual velocities around the orbital fit (rms of ∼25 m s −1 ), together with their structure, strongly suggest that we are observing a blended spectrum and that HD 219834 A is an SB2. Alternatively, additional companions could be present in the system. Better fits are indeed obtained with 2 or 3 Keplerian functions, but because our data barely covers one orbital period it does not allow us to find any convincing result.
These facts make it impossible to use the measurements of this star to study long-term and low-amplitude RV variations. We have thus excluded the data of HD 219834 A for the rest of the paper.
HD 152391
HD 152391 is the most active star in our sample. As expected, a look at the obtained RVs reveal a high noise level close to 18 m s −1 . A clear correlation between the velocities and BIS is also seen (Fig. 7) . As for other similar stars (such as HD 166435 -Queloz et al. 2000) , this seems to indicate that the observed radial-velocity variations are being induced by photospheric features like spots. In contrast to the case of HD 166435, however, we could not find any clear periodicity in the data.
We tried to correct the radial-velocities using the relation between BIS and RV, a procedure already successfully used by Melo et al. (2007) . However, the rms around the average velocity only decreased slightly to ∼12.5 m s −1 . This high value makes the search for any low-amplitude and long-term signal very difficult. We thus decided to keep this star out of the rest of the discussion.
Activity, radial-velocity, and CCF parameters
After removing HD 152391 and HD 219834A from the list (see discussion above), we are left with 6 objects (HD 4628, HD 16160, HD 26965A, HD 32147, HD 160346, and HD 216385) for which we can study the influence of activity cycle variations on the measured radial velocities.
We searched the literature for references to multiplicity among these targets. Except for HD 16160 and HD 160346 (see discussion above), none of the remaining stars has any reference for a short-period (up to a few years) companion. HD 26965A is member of a known triple system, with a long period of ∼8 000 years (Heintz 1974 ). HD 216385 is also known to be member of a common proper motion pair with the second star situated 250 arcsec away (Lépine & Bongiorno 2007) ; at a distance of ∼26 pc, this corresponds to a projected separation of ∼6500 AU. For HD 4628, HD 26965A, HD 32147, and HD 216385 we thus have no indication that radial-velocity variations induced by a stellar companion can be detectable in our 5-year baseline.
Activity and CCF parameters
In Fig. 8 we present the yearly average time series of the S MW , radial-velocity, BIS, and the CCF's contrast and FWHM 6 . In the plot, the dashed lines represent linear fits to the data. Each point in the plot corresponds to the average of the values in time bins corresponding to √ N , where N is the number of measurements in each window. The average Julian Date for each bin was considered for plotting reasons. The third date for HD 160346 (corresponding to the year 2006) has no error bar for FWHM and contrast, since only one measurement of this star was available in that year (no error bars are provided by the HARPS pipeline for these two parameters). For HD 32147, none of the available spectra obtained in 2003 was good enough for deriving a reliable "S" value, though radial-velocity measurements exist.
The first remarkable result that comes out of the plots is that in most cases there seems to be a clear positive correlation between the S MW index and both the FWHM (the only exceptions are HD 32147 and our "standard" HD 216385) and the BIS of the HARPS CCF. In other words, the FWHM and the BIS seem to be good indicators of the stellar activity level. The opposite trend (anticorrelation) is seen between S MW and the CCF's contrast. For HD 26965 A these relations are particularly clear since the curvature observed in the S MW variation is also clearly observed in the different CCF parameters.
The reason for these facts is not fully clear, but they suggest that these CCF parameters can be used as a proxy for the chromospheric activity level of a solar-type star. In particular, they can be used to follow the activity cycle variations of the targets in complement to measurements of different activity indexes. Boisse et al. (2009) have shown that the parameters of the CCF, in particular its contrast, vary as a function of the activity level of the star for the very active planet host HD 189733. The CCF appears to be shallower when the star is more active. These authors explain this variation by dark spots (typically associated with stellar activity) that have a spectrum that is different from the one emmited by the remaining stellar photosphere. These features will thus naturally induce changes in the overall spectrum that are noticeable in the shape of the CCF. We should note, however, that spots also influence the wings of spectral lines (decreasing their intensity), thus decreasing their FWHM. In this case an anti-correlation between FWHM and activity level could be expected.
The results presented here confirm the conclusions of Boisse et al. (2009) . Interestingly, however, our results further suggest that these changes are detectable even in inactive (solar-like) stars, such as the 6 objects discussed in this section.
Variations in the CCF contrast and FWHM can also be induced when the cores of stronger lines start to fill as the star becomes more active. This will make the lines (and consequently the CCF) shallower, and since the FWHM is measured at a lower level (closer to continuum), its value will also increase.
We add that a change in the shape of the CCF can also be induced by variations in the convection pattern (Dravins 1982) . Observations show that solar line bisectors smaller lower velocity spans and convective blueshifts in active regions (Livingston 1982; Brandt & Solanki 1990 ).
This could explain the observed variations in the shape of the CCF as a function of the activity level of the star.
Activity and radial velocity
If on the one side activity cycle variations seem to induce clear signals on the above discussed CCF parameters (FWHM, Contrast, and BIS), the situation regarding the RV is not so clear. For HD 26965 A we find a positive correlation between the "S MW " index (that varied by ∼0.04) and the RV. Interestingly, there is a slight indication that a change in slope of the RV time series exists accompanying the observed variation in "S". The same positive correlation is observed for HD 4628, though in this case the RV seems to present a higher dispersion. This may also be caused by HD 4628 presenting a lower amplitude variation in its activity level (∆ S ∼0.02, between the first and last years of measurements).
The opposite trend, however, is found for HD 16160, where the "S" index increased monotonically by about 0.054 during the period of our measurements. For this case we cannot fully exclude that a slightly wrong orbital fit could have left any trend in the residuals.
For HD 32147 (∆ S ∼0.04) and HD 160346 (∆ S ∼0.07), both showing clear and monotonic variation in the "S" index, no significant RV variation is observed in our data. Finally, for HD 216385, only a small "S MW " variation is observed (0.006). We note that this star shows very small long term chromospheric activity variation. It was actually included in our sample for its constancy in S MW (Baliunas et al. 1995) . This is also the only F-type star in our sample.
As a test, we computed the Spearman rank correlation coefficient for the "S MW " vs. RV relation. A MonteCarlo test, where we generated random RV and "S MW " values with the same rms as the original sample shows that, in most cases, a higher correlation can be found in more than 10% of the random samplings. The only exception is HD 26965 A, for which a false alarm probability of 1.5% exists. The fact that we only have a few data points precludes any firm conclusions on this.
In face of the present (and contradictory) results, we cannot conclude anything about the existence of radialvelocity variations induced by long-term changes in the chromospheric activity level in our sample of early-K dwarfs. More data is clearly needed, and in particular we need to cover the whole magnetic cycles of the target stars better. The study of a larger sample could also be important. In any case, our results suggest that long-term variations significantly above ∼1 m s −1 can be excluded in our targets as being caused by variations in the chromospheric activity level during the stellar magnetic cycle.
We also cannot exclude the possibility that some of the observed RV variations are being caused by the presence of long-period companions, either planets or stellar in nature. A deep adaptive optics search for close companions to our targets may be crucial for clarifying this aspect.
Discussion and conclusions
In this paper we present the results of a long-term project to investigate the effect that long-term stellar magnetic cycles may have on the measurement of precise radial velocities. For this we observed a sample of 7 late-G or early-K dwarfs and one late F dwarf (an activity "standard") for more than 5 years with the HARPS spectrograph. The obtained spectra allowed us to derive a precise value from each spectrum for the RV, a measurement of the chomospheric activity level using 3 different spectral indexes (CaII "S", H α , and He i), as well as several parameters of the CCF (BIS, FWHM, and contrast). The results of this survey suggest that in our sample:
-All the three activity indexes measured are good tracers of stellar activity level variations along the magnetic cycle, though the CaII "S" index presents the smallest dispersion. In general, the CaII "S" and H α indexes are correlated with each other, while the He i is anti-correlated with the first two. -The activity level variations are also clearly reflected in the values of BIS, FWHM, and contrast of the HARPS CCF. The values of BIS are particularly sensitive to activity level variations. This suggests that measurements of these parameters can be used to clearly diagnose long-term variations in the chromospheric level of a star. The measurement of BIS, FWHM, and contrast may even likely be useful to correct the velocity measurements for the effect of long-term stellar activity (Saar & Fischer 2000) , in a similar way to one used by Melo et al. (2007) to correct for higher frequency noise. These results may be of extreme importance for present and future high-precision RV planet searches. -Although some of our targets show hints of lowamplitude (at the ∼1 m s −1 level) and long-term RV variations that could be caused by variations in the activity level of the star, our results are not conclusive about the nature and amplitude of this effect. Our data suggests that for early-K dwarfs the variation in the stellar activity level along the magnetic cycles does not strongly induce variations in the measured RVs. Early-K dwarfs are thus bona fide targets to search for very low-mass planets using precise radial velocity instruments. We note that these targets already have the lowest granulation and oscillation "noise" level among solar type stars (Dumusque et al., in preparation) .
A better understanding of the influence of long-term stellar magnetic cycles on the radial-velocities is certainly crucial to plan future radial-velocity planet searches with a new generation of instruments like ESPRESSO@VLT 7 or CODEX@E-ELT (Pasquini et al. 2008) . These instruments will be able to obtain RVs with a precision of better than 10 cm s −1 , allowing the detection of Earth-like planets in the habitable zone of nearly solar-type stars.
To further investigate the above discussed issues, a continuation of the present program is needed.
7 http://espresso.astro.up.pt Furthermore, it would be very important to extend our sample to earlier type G-dwarfs (more similar to our Sun). Convective blueshifts are lower in K-dwarfs than in F-and G-dwarfs (Gray 1992) . In active regions the convective velocities are lower, also implying smaller line asymmetries (Livingston 1982; Brandt & Solanki 1990) . We may thus expect a stronger effect of chromospheric activity for earlier type dwarfs (e.g. Saar 2009 ).
As a complement, it would also be important to investigate the existence of long period stellar companions in detail, which could be able to induce long-term RV variations. An adaptive optics survey should thus be conducted to investigate this possibility.
